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AIBSTRACT

Theoretical calculations agree well with experimental
measurementu of high-frequency scattering by a paraboloidal
reflector.

Experimental measurements were conducted on 18-inch-
diameter, wavegulde-fed and 24 -inch-diameter, cross dipole,
fed, paraboloidal antennas over a i ange of frequencies and
aspect angles with various combinations of transmit/receive
polerizations and feed dipole orientations.

1. Simple mathematical formulas were
developed for nose.-on RCS as a func-
tion of load impedance and transmit/
receive polarization.

2. Possible out-of-band RCS reduction
methods were investigated and model.,
made for testing.

3. RCS phase Information on the antennas
was also obtained as approximated by an
empirical expression over the frequencies
of interest.

Accepted for the Air Force
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BACKSCATTER CROSS SECTION OF A PARABOLOIDAL ANTENNA

I. INTROD)t ICTION

The high-frequency radar cross section (RCS) for an aerospace vehicle can be

obtained by resolving the composite body into an ensemble of independent scattering

centers whose RCSs can be determined separately by theoretical modeling or experi-

mental measurement. A proper combination of component RCSs will, in time, provide

an estimate of the RCS for the entire body. Among the predominant scattering centers

of an earth-orbiting satellite, the backscatter characteristics of a high-gain, reflector-

type antenna are of prime interest and most difficult to predict. This is chiefly because

the antenna's RCS is usually comparable or greater in magnitude than other scattering

centers and its backscatter mechanisms and RCS are a complex function of signal fre-

quencies, polarizations, feed structure, anid load terminations. The antenna may be

excited by the illuminating radar beam and may also change the illumination of parts

of the satellite and thereby change the satellite's RCS. Scattering may also occur

from reflector and other structures associated with the antenna. The presence of two

or more reflector antennas will further complicate the Interpretation of RCS signatures,

especially when the target is undergoing spin or nutation. Hence, a knowledge of RCS

phase Information to understand the interference between antennas for theoretical

modeling is important.

Starting with a theoretical study of a paraboloidal reflector, experimental measure-

ments were conducted on an 18-inch-diameter, waveguide-fed, and a 24-inch diameter,

cross dipole-fed, pa_"aboloidal antenna over a range of frequencies and aspect angles

with various combinations of transmit/receive polariz.ations and feed dipole orientations.

Simple mathematical formulas were developed for nose-on RCS as a function of

load impedance and transmit/receive polarizations.

Possible RCS reduction methods were investigated and models made for testing.

RCS phase information on the antennas was also obtained as approximated by an

empirical expression over the frequencies of interest.
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II. PARABOLOIDAL ANTENNA WITH NO FEED STRUCTURE

The predominant contributions to the backscatter cross section of either a flat-
2 3backed sperical segment or a spherical shell segment are caused by specular return

and edge diffraction. For a flat-base segment, Oberhettinger's infinite wedge results

were used to synthesize the diffraction by the base; while the well-known Sommerfeld

half-plane solution was modified for the shell segment to provide the edge contribution.

In both cases, the physical optics approach performed as well as the geometrical theory

of diffraction (GTD) method .4J long as segment depth was less than one-third the radius

of a sphere. For larger segment depths, the physical optics approach failed to consider

the modified current distribution caused by the edge zontribution, and hence, began to

deviate from the experimental results.

Generally, the RCS of concave bodies is more difficult to determine than it is for

convex bodies, since multiple-scattering effects must often be considered. When an

object is large compared to its wavelength--and to the extent that multiple scattering

can be neglected- -both physical optics and GTD can be used to approximate the RCS of

a paraboloidal reflector.

A. Theoretical Formulation

1. Physical Optics Approximation

For a paraboloidal reflector with focal length "a" and aperture radius "b"

(Fig. 1a) parabolic coordinates (n • ), 0) are used to treat the electromagnetic field

in the neighborhood of the reflecto- surface. Therefore, the cartesian coordinates are

X= T) cos , Y= n 'sin 0 , 7(2 2 ())

and the paraboloidal surface is represented by

n2 1 2 2a . (2)

21
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Fig. 1. Cross sectional view of a paraboloidal reflector.

3



Consider a plane wave, incident: on a paraboloidal reflector with propagation vector.,

K= Ko(sin a, 0, cos a) " (3)
0

whose direction of incidence is in the X-Z plane at an angle a with respect to the

negative direction of the Z axis.

By letting =7 t so that t = tan 9/2 where 9 is the angle between the axis and the

radius vector from the focus to a point (0, 0) on the surface, the unit normal to the

paraboloidal surface at (0, p) is

A t Cos t sin (4)
n = - -,+t,, 2 . t++ (4)

+ 2 1 t

Assuming the electric field of the incident plane wave has the vector

= L,(0,1,0) + U(cos a, 0, - sin a)] exp[- i R •] (5)

where • X and p. are arbitrary constants and the first term represents the perpendicular

polarization while the second term stands for parallel polarization. The surface current

density is therefore equivalent to twice the tangential components of the incident

magnetic field,

A 2
s =2(n x R) - (n x R x (6)

The physical optics expression for the scattered far-field is

i K0 exp[i K0 R°] 0 XK exp[- iA S K S r dS (7)
s 2R0  -J x • 0 (
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where K = anit scattering propagation vector
0

K = free space wave ni.. ber -2 r/X
0

and th? integration is carried out over the paraboloidal surface. Therefore, the

backscatter cross sectton of the paraboloidal reflector is

2

where

ib

A 4wa cos I IAR) exp'- 1 8R2 RdR (9)

fto

+ 1 27 sin uJ J(AR) exp[-1 BR2) RdR
0

and

A -2K 0 sin a
K 0

B C- cos a

The complex quantity A is the result obtained by substituting Eqs. (4), (5), and (6)

in Eq. (7) and carrying out part of the integrations by changing variablef. As expected,

the physical optics expression is polarization independent.

For nose-on rcturn (a 0), Eq. (8) reduced to
2 2SO(0) l16r a sin (K d). (10)

p 0

I•



2. Geometrical Theory of Diffraction

The basic GTD technique involves adding the edge diffraction contribution to the

specular return (Fig. 1b) where point C was the center of a spherical sl"-1l segment

S(D1 , 0', D 2) that shared the same aperture with the paraboloidal reflectmi ano has the

same tangential edge as that of the paraboloidal reflector. Therefore, the edge diffrac-

*! tion from the spherical shell segment will be the same as that from the paraboloidal

reflector.

The specular return can be obtained from Eq. (7) by using the stationary phase

method. The specular point is found to be S(,,/cot2 a, 2a/cot a) and the specular re-

turn in the far-field ik

2 a {expfiK R 1/R (.1)

cos a

a. Ncse-on RCS of the Paraholoidal Reflector

On the axis, all :he edge contributions are in phase and the diffracted field

can be obtained by finding a proper correction factor to the infinite half-plane edge dif-

fra,:tion cxpression.

Following, essentially, the same procedure of Raybin,

I i K (IP - 2d)I

(o) ' a(a + d) H i (-t
0 "

(!!

is obtained. The nose-on return is simply the combin ation,4 l,>s (11)-gu (12):

rd (0) = 4 7r 4 41 ._d/a sin K d + -+- 1-/ (13)

Both the specular return an1d MId(V diffrac ion Jr- t'e(ItleICoICy iWlICtecidennt.

6..... ....1...



1) Off Noswe-on RVS of a Pnraboloidal Reflector

Again, tile vxprefioll lotf off nIoi4e-on t'ttLirnl from iL sp horich' in-l', sog-

ment by Rayhin cin be isd to approximue theat••• the ,L cross,,'o ttioft par ahlohdhil

reflector by taking proper --,are of the phlse factor and Ade tingoetiial,

A plane (if contuant ph•use (Fig. 11b) through IN)nt ('.'0) C, 1) 1 tl takon am i ' n -

venient reft'enice for phase and the main edge contl)Utrib)ios come froml pOintI 1) anldI

2
The back-scatter cross section for the refdlctor is Lherefore

22 f ooI(F = Tr a 1(2/cos a) -'a-42---r'--i• (14)

2

[ 1 K rsin

exp[i vt I i cos(0 '+ ) + expji '2' cos(t -1)
c 1IJs(O + CY) C rn(

where

= 2 Ko[- EG( + r sin(N + ,v)J - (n14)
0 Inl

S2 [- EG + r sin(0 - a)] + (ff/4)

0 = edge tangent angle = tan-1 %Ta/d"
" radius of the spherical segment (0), 0, .) 2'Ja(a + d)

22

= (2a/cos a) 4- [d - (a/cot 2 c o o s a
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a . Nos - on RCS

TVheoretical back-scatter cross section for a 24 -incti-dhllauiere prabololdal

for ýhis reflector (1.'tg. 4), Trhe mcasucm~ic~nts were miade ovum a wivde rangv of

frcequencies with contllwOUS ft'C~luuncy coveragc from1 1. t) tu 3.3 GHz mid several

spot checks from 3.3 to 8.4 G-1Hz. Both physical optics, and (1'1l data were in god)L

agreement with the. vxperimental reuluts.
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RL'S flhictuaw~ t ~i f4 f~lf 4 1tonf thto ratIio ' tir~t' - Wgclavolonuth. and mininikum

RCS~3i tuctiv at hltf-wavun loath muiloplull ofrov'loctor dopth Lhrc tghout Ulu C1.0qotuwy

ranij'. 'flilte Is aimply hcuaausu of tho adldition Of two nea rly ttqual. freuucny vu'au

Vottlems or OPPOSIto plx)rditY--l3qIA' (11) and (C?), It appotarit that thv odgi' offects derivod

uy both phymicai optics and ()TD arvi to,) small to produco oxact agromnent with tho

It 18 hinturating to noto that lHqs, (1t) ahis (12) can N2 rotiptctivuly roarranged in

P () "+ *4m xpciff] expC::2K 0 dj

CT(o) \/1T82f ,/4ta6+d) exp(In]epr K0 d1

* whe ~e the first rt'rni is tile sIpecUIltr COntributiOn a11d tOW second is thc edge diff raction;
* thes. eqiuations indicate that tile vdgre c ontribution from physicýJ optics is slightly

snia~ler than that from GTD. However, the physical optics approach for a paraboloidal

reflector can give~ a fairly good appro'ximation of thle edge diffrac.tion so long as Wit

Is not too large. Thu, physical aptics result deviates froni the GTrD solution by less

thani I dBi for values Of d/ft CqUa to 2/3 or less. As pointed out by Rayhin, the edge

*contribution and specular contribution from the spherical shell segmient were equal iii

magnitude even foi- high froquencies and were indepe-nderit of depth of the segment.

However, this is not true for the paraboloidal reflector; not only are these two

contributions unequal in magnitude, but the edgeo contribution is depth dependent.

Another interesting observation can be made from Eqs. (15) and (16). For a

* shallow parabolic reflectur, Eqs. (15) and (16) can be rearranged:

0 (O) -it b 4 (sin 2 K d/d2) (7)
0

12
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by uehig this parabolic uquution:

1)2 .4a ,(18)

"Ttwvreforc, as tho paraboloid bocoULts shallow, the r•flector approaclvs a 'ni'ral dish

Sand Uq. (17) r•tdtces to

o(0) a 4w [(( b

which is just the nose-on return ot'a circular dish.

1). Off Nose-on RCS

RCS meastiroments were made over a frequency rang, from 1, 6 to 8 GHz

and at both horizontal and vertical polarizations. Comparisons between theoretical

calcilations--cqs. (9) and (l4)--and the experimental results are shown in Figs. 5

through? 7.

Foy vertical polarization, physical optics calculations check closely with GTD

calculations over an aspect angle as large as 25 deg.; and both were in good agreement

with vhe experimental data in the near nose-on region., Thlc aspect angle at which this

good correspondence between theory and experimental results begins to deteriorate

becomes smaller with increasing frequencies, e.g., v 12 deg. at 2.3) GH,. (Yd C

6 deg. at 4 GHz and (Y C 3 deg. at 7.84 6-Hz. However, even for aspect angles larger

than e( , theoretical values are still in good qualitative agreement with the experimerntal

data. Errors in the good part of the region are less than 3 dB.

The agreement between theoretical calculations and experimentl data is not

so dramatic for horizontal polarization as that for vertical polarization. However,

physical optics performs well in the near nose-on region while GTD fails to track the

,In,- and downs of the experimental data clostly. Interestingly enough, GTD calculations

approximate the average of physical optics over the range of aspect angles. In 'he nose-

on region, all the edge contributions are in phase and the backscatter cross sL ions of

the paraboloidal reflector are more or less Independent of polarizations.

13
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Cross section variations in the off nose-on region decrease at higher frequencies.
This is because diffraction from the edge gives rise to a lower order field, down a
factor of 1/ _ than the specular return. Hereafter, the spccular return becomes0
the dominant contributor to the backscatter cross section at high frequencies. But this
is not true on or very close to the axis, where a ring of edge contributions in phase and

an integration around Uhe ring, effectively multiplies edge diffraction by F pro-
vidiw a cross section contribution that is independent of K

0

17
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III. PARABOLOIDAL ANTENNNA - RCS AMPLITUDE

A. Introduction

The predominant contributions to the RCS of a paraboloidal reflector in the

nose-on and near nose-on regions have been shown to be due to specular reflection and

edge diffraction. However, when a feed structure is placed in the focal area of the re-

flector, the scattering mechanism and scattering cross section change drastically.

The predominant contribution to the echo area is due largely to rescattered energy into

the dish by the primary feed, or objects located in the vicinity of the focal region.

Hence, the receive and scatter characteristics of the feed as a function of signal fre-

quency, transmit/receive polarizations and terminal conditions play an essential role

in the RCS of the antenna.

"In general, an analytic determination of the field scattered by an a.-tenna is very

difficult and requires solution of the electromagnetic boundary-value pro'lem. Re-

sults have been obtained for a few antenna types such as cylindrical antenna and loop
2

antenna. However, the RCS can be approximated by developing a mathematical model

and identifying the pertinent parameters experimentally. The formula can then be

manipulated to study the dependence of RCS of the antenna on load impedance and

transmit/receive polarizations.

RCS rmeasurements were made on 18-and 24-inch-diameter paraboloidal antennas

to:

I. Identify the principal contributing portions of the antenna to
its RCS over a range of frequencies and aspect angles.

2. Extract from the experimental data general information about
the antenna.

3. Develop general methods for obtaining rough estimates of the
RCS from antennas and means for RCS reduction.

4. Obtain information for theoretical modeling and calculations.

18



B. Mathematical Model

In general, the fields scattered by an antenna as a function of load impedance

can be obtained in terms of its transmitting pro,'erties and its structural scattering
4properties when loaded with a conjugate-matched load. The relationship for one

aspect angle is

(Z ) z*) + r (20)

where

Z R + j X is the antenna impedancea a a

Z R t + j Xt is the antenna load impedance

ES (Ze) is the scattered field of the antenna with a load impedance Z',

E(Z*) is the scattered field of the antenna with Z =Z*
a a

ET is the electric field transmitted by the antenna when excited

by a unit voltmse z•ource.

and 3> (Z - Z*)/(Za + Za)a a

The structural term is independent of the antenna load impedance and is due to the

currents induced on the antenna surface by the incident wave even though the antenna

has been conjugate-matched. The antenna mode term is determined entirely by the

radiation properties of the antenna and this term vanishes when the antenna is

conjugate-matched.

Green5 and Garbacz6 have devised graphical representations of the scattering

properties of antennas that utilize constructions on r. Smith chart to relate various

measurements to the antenna properties. If the quantity •T is factored out of Eq. (20)

19



one component at a time, then

.S =I ..
= s.. + r (21)

where

-S
- E 1 (Z)

and

S.= E. (Z )/E (Z
ij I a ji

,5,The thTez reaiosi exrse nE.(1 a erpeetdgoerclyb

vectors in the Smith chart 56and the RCS of the antenna is

an ij Kj

iji

aj=Kjrij 2  (22)

where K is a real system constant determined by measuring a target of known RCS.

C. 18-inch-diameter Paraboloidal Antenna

Backscatter measurements were made at 8.4 GHz on an 18-inch-diameter,

paraboloidal antenna fed by a question-mark waveguide feed whose open end is

protected by a small cylindrical housing (Fig. 8). The experimentally dtterniln.d

maximum and minimum RCS of the antenna with a variable short for a load are ,diown

in Fig. 9. It is interesting to note that the RCS patterns remain essenutialy the amuc

for aspect angle ý. 70 This is because the scattered field at a point in space is the

vector sum of ant( nna mode and structural scattering components and the intenna

scattering mode is precisely khe square of the antenna radiation pattern. 'l-s antenna

has 3.2-deg. . 3-dB and 7-deg, , 10-dB bheainldths, therefore, the antenma riode is

relatively small for aspect angle 70 and the main contributions comr from structural

scattering components.

20
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Fig. 8(a). 18-inch -diarneter paralb~olidal antenna.
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* ~Fig. 8(b). Wavtguido food and its cytdrnircal h~ousing.
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''lit, .bmorin't uoiN carefully mhapeod and put botw~evi tho outor murftwe of the wavo-

gulttt and tlit radtoii~ withmut himakhig4 the wavoguihdotilvpning, Tho larije W~dolobam

w~orv i'otlucO drastically (F~ig, 10); oneO widOI~O p)eak watt rodtimi fromi + 18 to - V

titrioi aud tilt) other' from) + N to +F C) 0U1s, ThiN ma)ly 1)0 mtributeti to thv fact that this.

(O iN not11) Ihmdx butt all open -Onid' WAVOiU~idV*, th10OVOft, It IN H01l w0ll COUpled tI the11

reultantt field In 010 foU41l 141VI and tho outor mirfuce of tho guido uf iciontly reflocts

the unurgy b~ack into the diah anA prmdutces tilt largt) structural mcaitteri'ng, '1th re,~

sultIng loN~vtr maxIimum return and nigher minImuni return, in this cane, are due to

tile rimitctioi Iin nose-on structural saittring by thle presence of tho absorbeor. I lence,

leiss dynamic range of imst)-on RCS vdrarit'tic rosultts,

Tilt sanidwichmNli)5ttI (I'sorb does ? (ot dgratde flth trwismiitting perormancet~ of thit

anutenna , ttteroforo, if% crtra in ilistaticeti, the us~e oif radar -abmorbing maiterials 1111(

low-retiuciloti structural materials is. feasible to reduce Cthe echo contributions f'rom

structuros that tire 11ot e~ssntiai to thle antoxU)L transmitting properties,

Uidng l-Aq. (20), tile rioso-on variation of thle scattered field wvith load impedance

cai) he represenited graphically oil a Smith chiart. Referring to 1-ig. AI', the scattered

field ats a function of load impedance ('Zr is proportional to SL where 1. Is located

til thle Smi1th chart at coordinates (Z~ + j X )/R and S0 is thle vector representing

structural scattering components and OL rcjpretionts antenna mod~e component; thle

former is deteimnined by finding maximlum and mininmum RCS of the antenna wvith a

variable short termination (L mxand L mnin Fig. 1i). Therefore, the scattering

cross section of the antenna is
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Fig. 10, RCS of an 18 -inch -diamneter paraboloidai antenna with absorber in the
radorne.
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Fig. 11. Smith chart representation of the nose-on RCS of an 18 -inch -diameter
paraboloidal antenna.
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U(Z 14.910.588 exp[J 131,1 + r12  (23)

whore

. - (Zt + za).

The fact that point S is located inside the Smith chart indicates that a dissipative load

impedance can be found that reduces the scatter cross section to zero. The dissipative

load impedance can be easily obtained from Eq. (23) by letting a (Z.) ' 0; Z was

found to be (64.2 - j 104) Ohm.

The antenna was then terminated with the above calculated impedance. Its RCS
2

is shown in Fig. 'G; thc• iuciý. on iecturn was indeed reduced to a minimum of 0.04 m

(dotted line in Fig. 10). While a conjugate-matched load is desirable for maximum

antenna reception, a load impedance other than matched load can sometimes be found

for minimum RCS.

Figure 12 shows the RCS pattern of the antenna when incident polarization is

orthogonal to that of the antenna mode. The RCS pattern is not subject to change by

load impedance. The fact that backscatter cross section is almost as large as the

maximum return obtained for matchcd pclarization by a variable short suggests that

the feed structure is an efficient scatterer capable of projecting the resultant energy

in the focal area back into the paraboloidal reflector. Therefore, unlike a linear

dipole, the RCS of a linear reflector-type antenna is usually very high if the incident

polarization is orthogonal to that of the antenna.

D. 24-inch-diameter Paraboloidal Antenna

RCS measurements were then made on a 24-inch-diai,,eter paraboloidal

antenna.
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Fig. 12. Opposite polarized RCS of an 18 -inch -diamneter paraboloidal antenna.
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1. Description of Test Antenna

"The paraboloidal reflector and feed structure (Fig. 13) with a 9.93-inch

focal length has an operating frequency from 2.2 to 2. 4 GHz. The antenna is fed by

two different length dipoles oriented at right angles to one another and a cup-shaped

ground plane is located a quarter-wavelength behind the crossed dipoles. Dipole

lengths are adjusted so that their respective Input impedances are 90 degrees out of

phase. Both dipoles are driven by a split-tube balun that maintains a balanced voltage

across the dipoles, and hence, generate a right-hand circularly polarized wave.

The antenna's radiation pattern (Fig. 14) had 14.5-degree beamwidth and 20-dB

gain.

The backscatter measurements were made over a band of frequencies at 2.3,

3, 5 and 7.8 GHz for various combinations of transmit/receive polarizations and

dipole orientations. The antenna was terminated by either a 50-ohm resistive load

or a variable short.

2. RCS Within the Operating Band

a. Nose-on RCS

The nose-on RCS of the antenna is of great interest in several respects:

I. The antenna mode backscatter cross section
usually hes its greatest effect in this region and
thus plays a major role in determining the range
over which the antenna RCS can be varied by Its
loading conditions.

ii. The many results obtained from the study of
nose-on RCS can usually be used to explain, at
least qualitatively, th-e antenna backscatter
cross section in the near nose-on region.

A brief look at the scattering mechanism of a cross -di.pole excited by a split-

tube balun and tuned to generate a circularly polarized wave will shed some light

on many backscattering phenomena observed for the antenna and help to formulate
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Fig. 13. (a) Cross sectional view of a 24 -inch -diameter paraboloidal
reflector and antenna; (b) 24 -inch -diameter paraboloidal antenna;
(c) Cross-dipole feed.
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Fig. 14. Radiation pattern of a 24-inch-diameter paraboloidal antenna.
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a mathematical model of the antenna backscattering cross section. The lengths of the

"4 two dipoles (Fig. 13) are adjusted to obtain impedances with approximately the same
0amplitude and a phase difference of 90°. In other words,

, Iej r/2
ZBB, = Z e. (24)BB AA'

Using the fact that the induced voltage at the driving point of a receiving dipole

is proportional to the product of the incident electric field and the input impedance of

the antenna, it is easily deduced that if the incident polarization is matched to that of

the cross dipoles, voltages induced over AA' and BB' will be of the same polarity and

the energy is coupled from the incident wave to the transmission line and may be re-

flected by a mismatched load, and hence, reradiated; on the other hand, if the incoming

wave is of the opposite polarization with respect to that of the cross dipole, a zero

voltage will result over AA' and BB', and hence, the cross dipole will behave like

crossed conductors.

A simple sketch of a dual-polarized sampling antenna (Fig. 15) can therefore be

used to account for the nose-on backscatter cross section of the antenna with its perti-

nent parameters determined experimentally.

The antenna is capable of receiving vertical and/or horizontal incident electric

fields and passing them through a hybrid, wl'ereas a RHC signal will occur in port A

and LHC signal in B. This model can be used to simidate all antennas with either dual-

mode or single-mode circular polarization capabilities. The latter is equivalent to

terminating one of the ports (A or B) by a fixed load. For the cross-dipole-fed antenna,

port A is transmit/receive port and port B is a terminated port.

The backscatter cross section of the antenna as a function of load impedance and

transmit/receive polarizations can thus be conveniently expressed in scattering mat-

rix form, i.e.,

(Z~ ) -2 (25)

32



DUAL- POLARIZED
SAMPLING ANTENNA.. • HYBRID
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POLARIZATION

PORT B
(LHC)

VERTICAL
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Fig. 15. Dual polarized sampling antenna.
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where

cos a R - sina R e R SHH (Z )S VH(Z ) CosaT (26)

xp[J6R]}[ (Z)S vv(Z )1 IsinfT expfj T

Subscripts R and T denote the receiving and transmitting antennas, respectively.

Also, 6T and 6R are the phase angles to define the polarization of transmitting

and receiving antennas; e.g., for RHC transmit/LHC receive, a= T = 450

6 T = "90° and 6 = 900. Eq. (25) can be used to find the cross section for any
T R

polarization combinations and the scattering matrix elements are.

S 1 + s rMR (Z) 1+C SLR 1 CSiL-+[ 1+F + IC[sHv rml exp[i r/21 I -FMR(Z It exp[-i 7r/21 C SLR expii7r/21 C cxpSlir/21

(27)

+ SRR + iCSRR exp -j l'/ 2l LCsLep-r/l]

SVH 1ML FmR -t

'IV V rmL exp li7r/21 FR (Z expf -i 7r/21

rLSLR SLL

+expi(3I + expI J41 (28)
3xj~/J 4 L epH/2LCsR exp -i7r/221 FCs expin ir/21!

SRR S R L
C .. exp[ -i ir/21 e t2

CSRR ep-i'/ (SILL

:34
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where r and r represent waves reflected froe porti A and B, roopoettvoly. A
m R mL

Since the antenna xs tuned for RHC polarization, r will be a conatant Independent

of load impedance (Z ) and r a function of Z

CSLR, CSLL' CSR and C stand for both pp and op structural acatteorKng

components of the antenna with 2nd and 3rd submcriptc r ' onting the combination

of receive/transmit polarizations (i.e., L o LHC and R a RHC) of Oitw radar, I
The phase terms 0€t 2 0€3 04. w5 0 and o can be determined by noting the fact

that the terms introduced by RHC transmitting wave (i,.e, rWR, CSLR, CSRR)

should vanish for a LHC transmitting wave. Therefore, simple mathematical manipu-

lation of Eqs. (27) and (28) gives 02 . 0, 03 - r and 05 a 0. Similarly, for a RHC

transmitting wave, those terms associated with LHC transmitting wave (i.e.. r;.

CSLL, CSRL) should result in zero, and hence, 01 0 04 W 0. 0 6 .

Eqs. (27) and (28) can be rearranged:

SHH (Z)= CHH + R (29)

S+v (Z-C)=C HV e. rnM'R 2  (30)

Svv (Z )=Cv + (3r)

hRet/2 rVV t V M 11(3t)

SVH (Z)= C + r ei(32) "32)
SH VH MR

where CHH, C HV, C VH, and CVV are str ictural scattering terms:

C r~ +CSL +C +C +C
CHH ML SLR SLL SRR SRL

CH~ r LC +(CSL +C I)e +(C +C )e
HV ML SLR +SLL sRR SRL
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Theretorc the sc'iatving matrix t.lkunuuus are

S K 0 (I.0 +I ) (mutor)

VII K vu t ji2 2 , S ep N'2) n t (35)

K 0.2+ T, meter
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Wte to K HH ft1721.~ K IV 100,K t.42# and Ky1 IH 75t8 arc ptoporttoai

'rhoe noaso- IKC8 of tho antooIna for varinua comnibnationa oftrIansmit/rvetevo

polarizationa and termin~alt ~(Nidfiona iii tuomplotoy Iniumi fraumi tuar baxic nuasura-

Sovvral, itorvting tbtevvationoi call be nmadt fromir Eclo. (25) gild (20).

a. -For a 30-ohrn resii~tvo load,

INl(Z z a /(Z 1 . +0 1. i1ý.

TFhe wius voiwulAtod from Hqa. (25) and (26) cornpart, favorably with experimnental

'Sults (Table 1).

TAB1LE I

NOSiH*ON RCS WITH 50-01-M LOAD

Trans ml~t/ Receive Calculated Values~ Measured RCS
M\arization E~q. (25) (dBsm) (dlsr)

6.5 6.25

~TV f7.6M 7.45
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II

b, All structural acattering components hove a.i amplitude greater than

unity 11.V. AIM11, 9 , §TMO, and •,•R I', therefore, it Is not po.ilble for

any trAfam It/receive pla -:tlonua tu 4,,etuce the icatter cross v•tlon to zero through
proper clhoico -id toad imp, ace, and a nmaximum or a minimum in ticattered signal
aimplitudc can oily kw achieved using reactive load.

c. Antenna camouflage againat a linear radar capable of measuring both

,p and op returns can never be achieved for thiV antenna by Impedance' loading. This

is bocause of a reactive loading dtat reduces the antona return to a minimum in one

particular polarizztion (vertical or horizontal) will simultaneously produce a large j
return in the orthogonal polarization; this can easily be seen by u•inV A riawtive load

-2that produces (Fig. 16) a minimum return for V ( S(\V) r I ) but invariably a'VV 111in
'j7/ 2very large return o' (,,I s(vH)r Vme is achieved by the same reactive loading.

'17his fact also suggests that a strong LHC structural scattering compoenent is present.

Therefore, an RHC re-radiated wave due to mismatched load can never cancel the

structural scattering component (LHC) completely.

d, E(q. (25) can thus b.o used to study the nose-on RCS of the antenna for

various combinations of circular transmit/recetve polarizations as a function of load

impedance. For a 50-ohm resistive load, the calculated nose-on RCS agair agrees

very well with the measured data (Table II).
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"iAILLE 11

NOSE -ON CIRCULAR RCS WITH A 50-OHM LOAD

Tranarnit/Rocolvo Calculated RCS Measured RCS
Polarivatton (dMnm) (dl3m)

0RR -9.4 - 8.7

RL. -1.5 - 2.5

CrL L12.1 4- 13. 1

(LR -1.45 - 2.9

This antenna has very high OP returns for LUC radar. An RHC radar will

probably fail to detect the presence of the antenna even though it is capable of mea -

suring both PP and OP returns- hence, a matched load is an efficient nose-on and near

nose-on camouflage technique for RH-IC radar. But on the other hand, ani L1-C radar

will have little trouble seeing the antenna by measuring OP returns, These results

also explain the fact that large linear PP and OP structural scattering components exist.

A linearly polarized wave can be resolved in right-and left-circular components. The

, 1 former component interacts with the load, but the latter one is reflected without

changing sense.

f_ The foregoing results suggest that the detectability of a reflector-antenna at the

operating band of the antenna depends also upon the operational radar modes. A linear

polarized antenna can best be detected by a circularly polarized radar since the orthogonal

electric component will Invariably produce large nose-on return; on the other hand,

a single-mode circularly polarized antenna (RHC or LHC) can hardly be hidden from a

linear radar. A dual-mode circularly polarized antenna (capable of receiving RHC

and LHC signal) should have the best chance of heing camotiflaged from radar, be it

linear 'or circular.
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It has been shown that the nose-on RCS of an antenna can be determined completely

as a function of load impedance and transmit/receive polarization by several RCS

measurements with a variable short as a load (i.e., 2 measurements for a linear

antenna and 8 measurements for a circular antenna). The same technique can be applied

for the off nose-on region as long as the antenna scattering mode is still contributing

appreciably to the RCS of the antenna.

e- Off Axis RCS

The RCS of the dipole-fed parabolic antenna is measured at its center
frequency--2.3 GHz--for horizontal transmit and receive polarization and the long feed

dipole in the horizontal position (Fig. 17). The RCS curves (in dBsm) are plotted against

aspect angles (in deg):

RCS with 50-ohm load

RCS with variable short adjusted for maximum

and minimum returns

RCS when absorbent material covered focal area.

Several interesting observations were made from Fig. 17.

(1) All curves tend to coincide for aspect angles greater than 14 degrees.

Contributions from the focal area are negligible because the RCS remained practically

the same regardless of changes made at the focal area: placing a piece of absorbent

material over the focal area, or removing the dipoles. The dashed line should be a

good representation of the structural scattering return of the antenna because a 50-ohm

resistive load is fairly close to a conjugate --matched load for this antenna.

This suggests that the feed dipoles and the inner part of the metal cup are primarily

responsible for the structural scattering for an aspect angle smaller than 140 whereas

the return from the paraboloidal reflector (mainly specular return) gradually becomes

dominant for aspect angles greater than 140 as evidenced by the line with heavy dots.

Interestingly, the smallest angle for a possible specular return from the antenna

reflector is also 14 degrees (Fig. 14).
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FREQUENCY a 2.3GM:
T. HORIZONTAL POL.-
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Fig. 17. RCS of a 24 -inch -diamet~er paraboloid.,, intenna position.
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The backscatter return from the metal cup is negligible, proven by placing an

absorbing cone in front of the metal cup. Pra,-tically no difference in RCS is observed.

Therefore, use of radar absorbing material for RCS reduction cannot possibly be applied

for this antenna without impairing its operating band performance.

(2) The dominant electric field in the focal area remains parallel to the

electric field of the incident plane wave. This was checked experimentally be removing

one of the feed dipoles and, putting the other dipole perpendicular to the polarization

of the Incident wave with a combination of crossed transmit and receive antennas.

The fact that the RCS was essentially the same as that when both dipoles were removed,

indicates that only a very small component of the cross-polarized electric field is in the

focal region.

(3) The very low backscatter cross section from the paraboloidal antenna when

a piece of absorbent material covered the focal area indicates that the total return due

to the antenna structure, excluding the focal area, is low; and that the dominant

contribution to the echo area near the on-axis region is due to energy rescattered into

the dish by the primary feed, or objects located in the vicinity of the focal region.

The transmit and receive antennas are switched to vertical polarization with the

long feed dipole in the vertical position (Fig. 18). The maximum and matched load

returns in the nose-on region are almost the same as those for horizontal polarization

except that the RCS curves have become much wider. For example, the maximum

return curve has a fairly flat top above a 7- degree aspect angle. The 3-dB beamwidths

for various combinations of polarizations and long dipole positions are listed in Table

II. Beamwidths for vertical transmit and receive polarizations are nearly always double

the beamwidths for horizontal polarizations. This can be attributed to the fact that the

structural s:.attering pattern (dashed line, Fig. 18) has a fairly flat curve near the

nose-on region and two peaks at aspect angle = 8° that more or less compensate for

the decrease in antenna mode scattering (approximately the square of the reradiation

pattern), and a flat RCS pattern occurs. I
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FREQUENCY 2 23GHz
Tx VERTICAL POL. it892C3L
RX VERTICAL POL.

LONG DIPOLE VERTICAL

- SHORT ADJUSTED
FOR MAXIMUM
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,\ \ i
5 " I
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Fig. 18. RCS of a 24-inch-diameter paraboloidal antenna,
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TABLE III

a
fm 3. 10 GHz

Tx H H V v

- H
Rx H H V V

L.D. H V V H

nose-on (Load) 155 O.3 I 6.3 10.3

(dBsm)

W/ABS at focal I
point -15 -19 -10 -10

•qtI

W/o Feed
(dBsm) 0 0 0 0

nose-on 24.8"
Disk d 20.85 20.85 20.85 20.85Dis ids

nose-on
12"X 12" plate 10.35 10.35 10.35 10.35
(dBsm)

Tx polarization of transmitting antenna

Rx = polarization of receiving antenna

L. = polarization of long feeding dipole

H = Horizontal polarization

V - Vertical polarization
45
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TABLE III (CONTINUED)

b

f= 5. GHz

Tx H H V V

Rx H H V V

L.D. H V V H

nose -on (Load)
(dBsm) 18 15.2 17.2 14.4

W/ABS at
focal point -3 -3 -3 -3

W/o Feed
(dBsn-) -1.5 -1.5 -2.5 -2.5

nose-on 24.8"
Disk (dBsm) 24.5 24.5 24.5 24.5

nose -on
12" x 12" plate 14.78 14.78 14.78 14.78

Tx apolarization of transmitting antenna
Rx apolarization of receiving antenna
L. D. =polarization of long feeding dipole
Hi - horizontal polarization
V =vertical polarization
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TABLE III (CONTINUED)

C

f= 7.84 GHz

Tx H H V V

"Rx H H V V

L.D. H V V H

nose-on (Load)

(dBsm) 21 18.5 22.5 19

W/ABS
focal point 4.2 4.2 1.4 1.4

W/o Feed
(dBsm) 4.5 4.5 4.5 4*5

nose-on
24.8" Disk 28.8 28.8 28.8 28.8
(dBsm)

nose-on
12" x 12" plate 18.67 18.67 18.67 18.69
(dBsm)

Tx - polarization of transmitting antenna
Rx - polarization of receiving antesina
L.D. - polarization of long feeding dipole
H horizontal polarization
V a vertical pelarization
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Therefore, for a linear radc c the 24-inch-diameter antenna backscatter cross

section (PP and/or OP) will always be high over the range of aspect angle of 14 degrees

no matter how well the antenna is matched at the end of the feed line. This is due to

the inherent properties of the feed structure that reradiate the LHC incoming wave back

in the same LHC sense.

Figure 19 shows the circularly polarized RCS patterns of the antenna with various

combinations of transmit/receive polarizations. Since the antenna is fairly well matched

with a 50-ohm resistive load, the patterns (Fig. 19) are essentially structural scattering

returns. In general, the structural returns are lower than linear returns over the en-

tire range of aspect angles (< 30 degrees) except for LHC transmit/LHC receive combi-

nation which shows an exceptionally high return (13 dBsmn at nose-on) over an aspect

angle of 7 degrees. Note that among the four RCS patterns, only rRR is subject to con-

trol by loading conditions. Therefore, a well-matched dual-mode antenna capable of

receiving both the RHC and LHC signals should present low RCS for all radars.

3. RCS Above the Operating Band

Many observations of RCSs at the operating frequency were also true for

the out-of-band backscatter cross sections, namely:

a. Focal area contributions are negligible for aspect
angles > 14 degrees; the feed structure size deter-
mines the scattering lobe width.

b. RCS curves are polarization dependent.

c. The feed dipole has a strong effect on the RCS.

The RCS of the paraboloidal antenna was measured at 7.84 Gltz with vertical

transmit and receive polarization and the long dipole in the vertical position (Fig. 20).

The feed dipoles generally incres-z thde nose-on and near nose-on return noticeably

(6 dB for nose-on RCS and greater than 10 dB over the aspect angle 5 degrees). This

suggests that the parabolic dish is capable of focusing energy to the focal area over •

wide range of frequencies and that both the metal cup and the feed dipole are goox scat-

terers. It is interesting to note that solid line and dashed line in Fig. 20 coincide with
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Fig. 19. Circularly polarized RCS of a 24-inch-dia mt er p r b l i a n e n(with 50 Ohm load).
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*ikh tothor at mipme 61*1* 1t) tlq~r***an alla iiitden ttrop iii RCS oveore at OaNtwt
AnRRe * I I do~mo*11%1 TImiitatoiuti that ttw Iniwdool #1601 tit no 1011jor hoing Sof0ttietly
twuliead ttttto tile fooludipolo and 1wo npowuliar rvitiri fr, -I thembaoloidol ref1ltt'ir I*-

to 1W aoinat (11111o itrIfivilor,
lh~ on 10tn Ad iP010 Was then awitched to the harimonutal poshitio with trammii~ij

M~el"~ P~ldrtuIAtt0 rmatniitg the vanto. Thu Ofut 0 thf 11w ort dipolo iii nottioabiv
(Fig, 21), Ritopt for the nowo-mi regton, the RCS pattern haa uindorgone a Vieat tftangv
and haw~ bocomo muitwh broader.

Figurte 31 shows thv vii'vuiarly pol~'Aroto RCS patiortt ofa the ienwtmn. P~auly high
OP return# ame obbrvd notiv-0 Q to only 4 ti llower than a n Iltme 4.11 1'utl'iv
Ua lowe~r (or V1cular RCS Ohwn that of linvar RI2S pAttorno (Iloaooon v Is t. iW aiitt

KR 411 tiow va t hait ti bI u'muio RCSi pattrns havva high midolaobe for both PP
andj 04 meurns. Ali RCS pattern of a J4-in~h-dimiiatr cirulau' plate to allm Shown~ In<1VFig.g 22 for purposes of comparition. *Thv plate's RC'S pattern Is much m~t.. itarrow tit
witkh andi highor in inagnitutte than that of tho anitutia, Thucrofore, for the~oreticlus
juj~duis Ot a pAV'A6OivaiAi anIR01nA. iti s adv~i towatg wutu v orttt'r ruftuctor of apprtopriatt'

uiso whiolh will givto approximately the tiamo amplittatk- And an1,l0 covoragu anti thus Lwaitor
simulate the iA(CS reuitrn from a Paraboloidal antenrt ,

011v itteroating p'oilit to bw njotvd in Fi~g, 22 is tho fact, that the PP return hits'a
middlohe ( 41I1d1s) for aspect ang~le t4 dog, white the OP' return is briow-1 lami
that region. This confirma the previotis observattau fromi the linotar RCS patioxin that
spocular roturil fromj tiw antouna (which should have very small OP' return) becomes
dominant in this. rogion.

No change in PP and OP returns was observad by uiAlg tho ~LHC wave.

There were, however. many differences between the out-of -band RCS and the KCS
ýa at the operatting) frequency.

a. The RCS in independent of ternminations of the antenna at the out-of-
band frequencies; roradiation from the focal area depends solely on
the food structuru's scatturing chatacteristics.
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h. For the linear RCS pattern the out-eo-band RCS is not only dependent

on polarlzation of the transmit and receive ltlgnalt, but is also quite

dependent on the position of the foed dipoles. The nose-on RCSs for

24-inch-diameter parabolic antnnna meaaured at 3, , and 7.84 0Hz

are iitdte in Table 11A. The changed position of the feed dipoles caused

3- to 6-dB change in nose-on return at 3 GHz for a fixcdxi polarixation

of transmit and receivw antenna.

c. The biggest difference comes from circular RCS patterns. Within

the operating hand, RCS patterns namely. (aRR' 0RL' and %LR)

have very low returns near the nose-on region, while LL gives a

much higher RCS (at lkast 15 dB higher). However, out-of-band,

the RCS pattern does not have the preference of the LHC to RHC.

and OP returns are usually hligh and almost as broad as PP returns.

4. RCS Below the Operating Band

"The RW'S of the paraboloidal antenna was measured at I Gi-z with vertical

and horizontal transmit and receive polarizations and the long dipole in the vertical
positiea (Fig. 21). Noiceable changes in antenna scattering mechanism were observed.

a. The feed structure has relatively little effect on the antenna

scattering cross section (Fig. 23); the feed structure causus
only I dB increase in antenna RCS over an aspect angle of 18 deg.

b. The orientations of the feed dipoles play an insignificant role

in antenna RCS.

c lThe lintar PP RCS does not depend on transmit/receive

polarizations.

The above observations indicate that at low frequencies the backscatter return of

tho pacabuloidal antunna Is essintialiy the same as that of the paraboloidal reflector
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alone, which can closely be approxm..ted by the theoretical formulae in Section II.

The feed is relatively small comparud to radar wavelength and is therefore no longer

an efficient backscatterer so that it does not give rise to a directional backscatter

pattern to produce a large antenna RCS.

5. FSS Reflector

A possible way to reduce RCS at out-of-band frequencies is to use structural

materials that act as a reflector in-band but become absorbing or transparent out-of-

band and thus destroy the antenna as a radiator. A frequency selective surface (FSS)
7

is such a possible structural material. An F'SS reflector is an array of passive

resonant elements that ideally behaves as a solid metal reflective surface over its

res'onant frequency band, but degradation of the surface-reflecting properties occurs

at either side of the center frequency.

The length, width, and spacing of these resonant elements are determined by system

requirements. i-or circular polarization application, circular symmetrical elements,

such as cross dipoles, are necessary.

Element spacing, length, width, and arrangement are design parameters that

determine the reflectivity response of an FSS array. The reflectivity response is

measured via a refiectivity test setup (Fig. 24).

The background return was nulked by coupling part of the transmitting signal through

a series of variable attenuators and phase shifters, -40 dB below the level of an 18 x 18

inch metal plate.

Two basic configurations, namely, FSS with staggered and colinear crossed dipoles,

were tested extensively for best performance at 2.3 GHz with various combinations of

element spacings and widths at various incident angles (Ftgs. 25 and 26). A staggered

cross-dipole configuration has much better and more uniform bandpass characteristics

over the range of frequencies and incident angles of interest. The 1/8-inch-wide

dipoles, spaced I. 18 inches apart proved sufficiently reflective for the purpose.
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Using data derived from flat-panel testing, a 24-inch-diameter FSS paraboloidal

antenna was fabricated and tested (Fig. 27). The reflector was made from styrofoam

with conducting tape cross dipoles attached to its surface. The same feed structure

used for the metal paraboloidal reflector was used for this reflector.

The FSS antenna performs almost as well as the metal antenna over the entire

operating band. Both radiation patterns conform well with each other for an aspect

angle 20 degree,ý, (Fig. 28), and a loss of 0. 5 dB gain at the center operating frequencyA

* and 1 dB at either end of the operating band (Fig. 29) was observed.

RCS measurements were then made on the FSS paraboloidal antenna over a wide

range of frequencies, namely, I to 8 GHz. Referring to Fig. 30, noticeably nose-on

RCS reduction on either side of the operating band is achieved; 12 dB reduction at 3 GHz,

20 dB at 5 GHz, and 14 dB at i GHz. The fast rate of reduction levels off at 8 GHz.

About the same amount of RCS reduction is also obtained over the aspect angles (Fig. 31).

Therefore, the use of a bandpass surface for out-of-band antenna camouflage is shown

to be feasible and a large amount of RCS reduction can be achieved without seriously

impairing its operating band performance. It is advisable to place a radar-absorbing

mat,'rlal behind such surface structures to mask structural elements behind the antenna,

and at the same time, provide support for the cross dipoles.
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Fig. 27. 24 -inch -diameter ESS paraboloidal antenna.
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Fig. 28. Radiation pattern of the FSS parabolidal antenna at operating frequiency.
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IV, PARAIWMANDAAl A-N'rlRNNA - RCS MtIAN

DilvoitaIy, ti t'ho a~r I)NUEIflwvil Sywtenm liloair*ur Ovl~tip4 In tho Mvativo NIANie

hitwoon ARRIJ~N Iin the Womnoo an~d recalvo cliaunel# hy kpilp# twvo aitmii-rooNihig do,

1,000171 Ili MV10 14pArdioy tho W11-f-11XIM C NoVoyo hit tho fowitive di recion tthof

I -kfig IP mignais in both chalutoiw. Tho axio-oJ'05N0voP daovikwiu outputo of both Vila"

WNei aro theon Oopiwi, to tho Olin s-Mv forne, dtolay viruidt anti lhnav 0101paromr,

rot'pocIvl~y, Thso former doloybi tho Input Mronct f~w or a poriotd oquil to tho 01110

differential betwoen the pitable rettrenv AnmJ th iii NgnaI 111w Milo porlio is 1110aiawurtn

by counting the niumber of cyclei (if a M~-101li clock. One c~t).~ o( the clock ethitios

O~Idejgro tn phaoe.

1'ho relativo phatto moasuieliit 0(o a J4. -inch -dianieter ditsk ti re niwid fromii

2-8 001-14 (FIRg 32) tit a~smos tho adequlacy of( tho sotupl Thie 11tta Nlaoitimns ar, Ill

gonerAliv gomKl agroomwim with tho thooreticai (41a.a The (Iiscrt'pamicy tit the 'im'c

augic whevro the coIrerosuiitig Rf'S ampi ittidi, hits d null Is c~tismi by a roturn Ailgivil

that itt 10) small thalot thev rtoivvi lost trock (it tilt)tpase. The c)irVAU seemrrs it bo L'uIti-

larive. as tho as.,ct anlel incieasers It is (c-lt that this rtist gaIve (a goi2KI hidicamtioil of
(ho iusoftil i- of thv svit p for vxpect meiu a phase n1ivstirements tif the pa ruihol ic

allitfula In tho licai nmose-o" ruglosi (asipect angle 5 deI rovs) where the RU'2S amtplituitv

hs no~ t pasIo 5501 1ii ugli tho fi r-;t ~e

The RCS Pia~se of the 24 -inch-dianitteir parahololdal antenna with various i OM -

hwitorions of transm it pol ariz~atilons an footed dijbolv ot'ieitations is shoiwn ill Fig. 33.

E~ach eturve is dclnoted by k) with, the first subscript representing transmit Ipolriza -
All

tito and the sevotid one the feed dipole's orienwation, .In general, the phase va riationi

near the nos-on region Is independent of polarizationa and orientations an%'os ik

a square wave with its width inversely proportional to the squarv root of the signal

wavelength, These facts suggest the use of an empirical formula to approximate the

phase cuirves by taking the first few terms of the Fourier scries of the square wave.

The approximate oxpression Is
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•i•'i•Fig. 33b. RCS phase of a 24-inch -diameter paraboloidal antenna (f =7.84 GHz)ý
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0(a)m .75+95.5 iov (&a) - 31.8 cos (3a&)+ t 1. 3 cos (5aa) (36)

5,868
where a 5-.86

a and 0 are in degrees and a < 5 deg.

A free space wavtdength in meters,
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V. CONCLUSIONS

The cross section of a paraboloidal reflector at high frequencies (b • ) approxi-

mated by physical optics and GTD and compared with experimental data shows good

agreement. Significantly, the edge contribution is greater than the specular contribu-

tion by a factor of Nf i + (c/a) , Physical optics provide a good approximation of the

RCS for a paraboloidal reflector with d/a -s 2/3.

The major contributor to the echo area of the antenna appears to be the feed

within or above the operating frequency of the antenna because of the intensity ot high

energy focused by the paraboloidal reflector into its focal area; whereas below the

operating band, the feed gradually loses its influence on antenna RCS with decreasing

frequencies and the antenna return is essentially the same as that of a paraboloidal

reflector.

Within the operating band, the nose-on RCN. of an antenna as a function of load

impedance and transmit/receive polarizations can be completely determined by two

measurements for a linearly polarized antenna and eight measurements for a cir-

cularly polarized antenna. Identical techniques can be applied for the near nose-on

region. The field scattered by an antenna is the vector sum of the antenna mode and

structural scattering components; the former is determined from the transmitting

characteristics of the antenna and is load dependent, whereas the structural scattering

is load independent and is found to be sensitive to transmit/receive polarizations.

Therefore, considerqbly more information than the antenna type is required, such as

possible radar operational modes, before the detection probability of the antenna can

be assessed. In general, wlien the radar polarization is matched to that of the antenna,

RCS return can be varied by load impedance. Structural return is obtained when the

antenna is conjugate-matched. Whether the structural scattering is subject to reduc-

tio depends entirely upon the feed structure in question. When the radar polarization

is ordhogonal to that of the antenna, there exists a possibility that a very large PP or

OP structural scattering return exists. Circularly polarized radar is effective in de-

tecting the presence of a linear antenna and vice versa.
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The near nose-on RCS phase (aspect angle :5 5 degrees) can well be approxi-

mated by an empirical formula derived by taking the first few terms of the Fourier

series of c. square wave whose widths are found to be inversely proportional to

furthermore, the RCS phase is independent of transmit and receive polarizations and

feed dipole orientotions in the near nose-on region.

For aspect angles > 14 degrees, the return from the antenna reflector gradually

becomes the dominant scattering contributor.
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